There have been several attempts to use measured rates of emission from wetlands to arrive at estimates for the global total CH 4 emission from wetlands. Early studies suggested that tropical wetlands were the main source of atmospheric The CH4 produced passes through the oxic-anoxic boundary before entering the atmosphere. During that passage, it is subject to oxidation by methanotrophic bacteria, where 40% to 95% of the CH4 produced may be consumed by methanotrophs in the soil [King et al., 1990; Pulliam, 1993] . Thus the rate of CH4 production should be constrained by availability of substrate, arising from plant primary production and organic matter decomposition, and regulated by environmental factors. The balance between production and oxidation of CH4 determines the rate of emission into the atmosphere. The wetland methane emission model (WMEM) was developed using these hypotheses as a basis The WMEM is a compartmental model in which four carbon compartments were used: carbon in living vegetation (VEGC), carbon in the soil (SOIC), decomposed carbon (DCPC), and carbon in the form of CH4 (CH4C). The carbon fluxes between these pools were assumed to be controlled by the size of donor pools, by specific parameters related to characteristics of the pool involved, and by environmental factors, e.g., solar radiation, temperature, and soil moisture (see Figure 1) . The rates of change of the size of each of these pools were calculated from 
Net Primary Production and Organic Carbon Decomposition
Net primary production (GPP-RES), deposition of litter carbon into the soil (LITD), and organic carbon decomposition (SOMD) were calculated following the Terrestrial Ecosystem Model, which is described in detail by Raich et al. [ 1991] and McGuire et al. [ 1992] . In the case of inundated wetland, it was assumed that the soil is always saturated.
Methane Production
The suitability of the soil environment for methanogens affects the proportion of decomposed carbon transformed to CH 4. Moore and Knowles [1989] reported that the molar ratio of CH4 to CO2 emissions from wetlands increases exponentially with water table height. Yavitt et al. [1987] and Tsutsuki and Ponnamperuma [1987] (6) where SWP (cm) is water table position, relative to the soil surface. The method by which SWP was calculated for noninundated wetlands is shown in the appendix. In the calculations for the inundated wetlands, the soil was considered to be saturated, so that moisture had no effect on CH 4 production.
The observed effect of temperature, represented by a Q10 value (the rate of change in CH 4 flUX due to a 10øC change in temperature), falls within a broad range, from 1. where TEM is the temperature (øC).
In the model, CH 4 was produced only during thaw/wet seasons, which were defined following Fung et al. [1991] . For a location that experiences temperature above freezing throughout the year, the wet season was considered to be the period over which monthly precipitation exceeded monthly potential evapotranspiration. The thaw season was assumed to begin when monthly mean temperature exceeded 5øC and to end when monthly mean temperature fell below 0øC. [1989] found that the proportion of CH 4 being oxidized increased from about 50% in the early stage to 95 % in the late stage of rice growth. It seems therefore that rhizospheric CH 4 oxidation is correlated with plant physiological activity. In line with the above analysis, it was assumed that 60% of the CH 4 produced in the anoxic zone was oxidized at the soil-water surface, that oxidation in the rhizosphere increased with the rate of plant physiological activity, and that together they might consume up to 90% of the CH 4 produced. Thus, using gross primary production (GPP) to represem physiological activity, the rate of CH 4 oxidation (MOR) in inundated wetlands was The proportion of SOMD transformed to CH4-C annually varied from 2.0% to 40.5% (Table 1) , with a mean of 14.2% over all wetlands. Of the CH4 produced, from 70% to 80% was oxidized to CO2 by methanotrophs; the remainder was emitted into the atmosphere. The proportion of NPP-C that was decomposed as CH 4 and released into the atmosphere was 2.3% in northern wetland, 4.2% in temperate wetland, and 4.8% in tropical wetland. These (Table 2) . CH 4 fluxes varied widely, even within the same climatic-ecological zone and for a single wetland type. However, they generally increased from the arctic to the tropical region. The latitudinal distribution of CH 4 fluxes showed an increase from the north to south, but a decrease beyond 30øS. In terms of wetland type, swamps showed a much higher CH 4 emission rate than bogs; forested wetlands emitted more CH 4 than nonforested ( Table 2 ). The high variability in CH 4 emission rate is a reflection of the spatial heterogeneity in climate, vegetation, and soil, and their complex interactions. The distribution of CH 4 flUX rate along the latitudinal axis was related to temperature, but more closely to NPP and SOMD (Figure 2) . CH 4 emission rates were typically high in the tropics, where temperature, NPP, and SOMD are all high. In temperate wetland, NPP and SOMD were not necessarily lower than those in tropical wetland, but CH 4 emission rates were lower because of the lower temperature; 87 % of bogs were located to the north of 50øN, while 83 % of swamps were within the tropical zone. The mean temperature over the CH 4 production season in bogs was 9.7øC, while in swamps it was 23.8øC, and this temperature difference, through its effect on MPR, was largely responsible for the large difference in the calculated CH 4 emission rates between bogs and swamps. The NPP of forested bogs was almost the same as that of nonforested bogs, but the mean temperature and SOMD was higher, giving rise to increased CH 4 fluxes (Table 1) . Similarly, the CH 4 emission rate from forested swamp was higher than that from nonforested because of the higher temperature, NPP, and SOMD.
A comparison between the results calculated with WMEM and measured CH 4 emission rates reported in the literature is given in Table 3 . In northern wetland, CH 4 emission rates calculated with the model were about 2-4 times lower than estimates generated from field measurements, but close to the results of field investigations performed at the regional scale ( RMED is the proportion of the decomposed organic carbon being transformed into CH4 in methaneogenesis. RMEE is the proportion of the NPP-C being released into the atmsophere as CH4. In temperate and tropical wetlands, our results were in the same range as reported in field measurements. However, the mean CH 4 emission rate from temperate wetland calculated with the model appeared higher than that suggested by field experiments. Using data from field campaigns, Bartlett and Harriss [1993] calculated that the average CH4 flux from temperate swamps was lower than those from arctic tundra and boreal forest ( Table 3 ). The temperature, NPP, and SOMD in temperate wetland are much higher than those in northern wetland, and the CH4 emission rate would therefore be expected to be higher. below was performed to test the sensitivity of the model, and it is not intended that the results be interpreted as a realistic prediction of future trends. For inundated wetlands, the sensitivity to temperature increase across the range from 1 øC to 4øC was studied based on the assumption that soil water conditions remained unchanged (Figure 9) . In northern wetland, mean NPP, soil carbon storage (SOMC), SOMD, and annual CH4 emission rates (YMER) all increased. In temperate wetland, the positive effect on NPP, SOMD, and YMER remained, although the increase was smaller than that in northern wetland, and a negative effect on SOMC was observed. This was due to a larger increase in the rate of decomposition relative to the rate of carbon input into the soil from vegetation. In tropical wetland, CH4 emission was still enhanced, but SOMC, NPP, and SOMD declined with increased temperature. The decrease in NPP was caused by an excess of plant respiration over the rate of photosynthesis. The low rate of increase in carbon input into the soil compared with the increase in the rate of decomposition resulted in a decrease of soil carbon storage, which in turn, reduced the rate of decomposition. It was no surprise that northern wetland showed a larger and more positive response to temperature increase. Increased temperature would improve conditions for plant growth and microbial activity and so enhance the rate of carbon exchange and CH4 emission. In the case of a 2øC increase, the CH4 emission rate was increased by 36% for northern wetland, 29% for temperate wetland, and 12% for tropical wetland. The total CH4 emission from all inundated wetlands could be increased by 19%.
For moist/dry tundra, the responses both to temperature and precipitation changes were studied. When temperature was increased by between IøC and 5øC, both NPP and SOMD were enhanced; soil carbon storage and methane emission were increased with the 1 øC and 2øC temperature increases but decreased with a greater temperature increase 
